Worldwide, but especially in western countries, there is an epidemic of physical inactivity with its known detrimental health-related effects. Physical activity and regular physical exercise remain difficult to implement especially in sedentary elderly subjects, often because of a lack of appealing physical activities. Gaining the attraction of these target groups is a prerequisite in order to improve adherence. Alpine skiing is performed by millions of recreational subjects in the Alps alone and may be an attractive mode of physical activity for many local citizens and tourists alike. Besides the well-known positive effects of exercise on cardiovascular and other health-related outcomes, the risks also need to be considered. Indeed, myocardial infarction and sudden cardiac death during alpine skiing in recreational skiers are the leading causes of death in the Alps during the winter and exceed the number of fatalities due to avalanches or traumatic deaths. It is the aim of this article to provide an up-to-date evaluation of the potential cardiovascular risks of recreational alpine skiing as well as the known benefit s thereof. In the first section a general cardiovascular risk-benefit evalua tion of physical activity is provided. Thereafter the current knowledge of the cardiovascular benefits and risks of alpine skiing are summarized, followed by a discussion and conclusion.
Introduction
Alpine skiing represents one of the most popular winter sports worldwide and particularly in Alpine regions. Annually, an estimated 8 million skiers visit the mountainous regions of Austria alone [1] . Although alpine skiing is performed professionally by many athletes, the vast majority of people on skiing slopes are recreational skiers, tourists and residents of a given skiing area. were nontraumatic deaths, with the majority (73%) attri but ed to cardiac arrests [2] . Consequently, parallel to the efforts to prevent traumatic deaths and injuries in professional and recreational skiing [3] , prevention of nontraumatic events such as myocardial infarction or sudden cardiac death are warranted.
Regular physical activity, including recreational alpine skiing, is known to positively modulate cardiovascular risk factors and subsequently the risk of cardiovascular events. Therefore, alpine skiing as part of an active lifestyle may contribute to cardiovascular health and longevity. The traumatic risks and the potential measures to prevent them have been discussed in detail elsewhere [3] .
It was the aim of this article to provide an up-to-date evaluation of the potential cardiovascular risks of recreational alpine skiing as well as the known benefits thereof. In the first section a general cardiovascular risk-benefit evaluation of physical activity is provided.
Thereafter the current knowledge of the cardiovascular benefits and risks of alpine skiing are summarised, followed by a discussion and conclusion.
countries, physical inactivity is a major health burden.
Evidence clearly demonstrates beneficial effects of physical activity on cardiovascular disease and allcause mortality [4] . Approximately 20% of the adult population worldwide is physically inactive [5] , and this condition is particularly prevalent in women, the elderly and in persons with low socioeconomic status.
Additionally, the percentage of time spent on sedentary behaviour, specifically watching television or in front of a computer (i.e., screen time), is increasing [6] .
Large prospective cohort studies from several countries around the world have found that sedentary behaviour is associated with a variety of poor health outcomes, including increased mortality [7, 8] . One study calculated the attributable risk for premature mortality and estimated that physical inactivity worldwide causes 9% of premature mortality, accounting for 5.3 million deaths worldwide in 2008 [8] , which is on par with death caused by cigarette smoke. A 10% reduction in physical inactivity could prevent 533 000 deaths every year. Regular physical activity and higher cardiorespiratory fitness decrease overall mortality in a dose-response fashion [4, 9] .
Physical exercise affects multiple systems and health outcomes. A dose-dependent relationship between exercise and the development of common chronic conditions such as cardiovascular disease, diabetes mellitus, chronic obstructive pulmonary disease, chronic kidney disease, Alzheimer's disease and some cancers has been observed [10] . The evidence of health benefits of physical activity on mortality mostly stems from observational trials, which suggest that regular exercise reduces risk of all-cause mortality for most individuals, including younger and older men and women in a dose-dependent manner [4, 11, 12] .
A number of studies have shown a strong inverse relationship between habitual exercise and risk of cardiovascular disease: coronary disease, cardiac events, stroke and cardiovascular death for both primary and secondary prevention [4, [13] [14] [15] [16] . Furthermore, exercise training beneficially alters levels of markers of inflammation (C-reactive protein and interleukin-6) [17] , systemic blood pressure [18] , blood lipids, body composition and thrombogenic risk. With respect to diabetes, exercise training improves glycaemic control, insulin sensitivity and may prevent the development of type 2 diabetes in high-risk groups [18, 19] .
In a number of observational studies, physical activity and/or regular exercise were shown to protect against breast, intestinal, prostate, endometrial and pancreatic cancer [20, 21] . Exercise was also shown to positively affect fatigue and quality of life for survivors of breast, colorectal and prostate cancers. Furthermore, exercise training was shown to counteract obesity [18, 22, 23] , osteoporosis, stress, anxiety and depression [24] [25] [26] .
Regular exercise training may also increase the like lihood of stopping tobacco use, reduce disability for activities of daily living in older persons and delay cognitive decline in older adults.
Possible risks of physical activity/ exercise
The benefits of physical activity far outweigh the possible associated risks in the majority of patients in the absence of a contraindication to exercise. However, as in every therapeutic intervention, side effects need to be considered.
Musculoskeletal injury is the most common risk of exercise [27, 28] . Although studies indicate that those who engage in sports activities have a higher risk of minor injury, people who do not participate in sports or other physical activity on a regular basis are more likely to incur more severe injuries when engaging in such activities [29] . Many of the musculoskeletal injuries are secondary to overuse [30] and may be prevented by adequate training methods.
More serious but much less common risks include traumatic death mostly due to traumatic brain injury, traumatic injury of the neck, or traumatic chest trauma including commotio cordis, arrhythmia, sudden cardiac death and myocardial infarction.
Serious and catastrophic traumatic events in sports are rare, and vary between sporting disciplines, gender, age and skill level [31] . In a recent report, a state-of-theart overview on the epidemiology and clinical decision making in major injuries during sporting activities of head, neck, chest and abdomen has been provided [31] .
The risk of arrhythmia during exercise in patients with underlying heart disease or with a prior history of arrhythmia is increased. Exercise training may reduce atrial and ventricular arrhythmia risk by increasing myocardial oxygen supply and by reducing sympathetic nervous system activity. Sudden cardiac death (SCD) is rare, but may occur during physical or sexual activity [32] . The increase in risk is seen in both men and women; however, the risk of cardiac arrest is reduced or may not be increased at all if the subjects are engaged in habitual leisure-time physical activity, as studied in both the Physicians' Health Study and the Nurses' Health Study [33, 34] . Mechanisms of SCD in those who exercise include coronary artery disease, arrhythmias (especially ventricular tachycardia and ventricular fibrillation), structural heart disease and myocarditis. Causes of SCD in people who exercise can be divided according to age [35] . SCD is generally a re- Physical or sexual activity is associated with a temporary increase in the risk of having a myocardial infarction (MI), particularly among males [39] who exercise infrequently and have multiple cardiac risk factors [32, 36] .
Although patients with coronary disease are more likely to have a myocardial infarction at the time they are participating in strenuous exercise than when they are not, patients with coronary disease who exercise are overall less likely to have a myocardial infarction than those with coronary disease who do not exercise [40] . Other potential risks of exercise especially in winter sports and at altitude comprise exercise-induced bronchoconstriction in patients with current symptomatic asthma [42] , hyperthermia, hypothermia and dehydration. In women, intense exercise may lead to the "female athlete triad" which consists of eating disorders, amenorrhoea and osteoporosis. Also, urticaria and anaphylaxis can occasionally occur with exercise, especially in combination with ingestion of certain foods.
Finally, exercise-associated hyponatraemia has been reported in long-lasting endurance sports. Medical evaluation prior to initiation of an exercise programme focuses on risks for coronary heart disease and other potential medical comorbidities that might place the patient at risk for one of the complications above.
It would be beyond the scope of this article to discuss the role of screening of individuals who are exposed to the potential risks of exercise: patients, healthy subjects and athletes alike. Although a lively scientific debate [43, 44] is ongoing about risks and benefits of screening prior to exercise, it is the opinion of the authors that screening should be performed in the majority of subjects and should include a 12-lead resting electrocardiogram (ECG). Also, measures of injury prevention should be performed in order to identify subjects at risk of injury and to recommend adequate sporting disciplines, as well as exercise characteristics such as intensity and frequency. Despite the benefits of an exercise programme, there are risks as noted above, even in trained athletes. As a result, the American Heart Association (AHA) has published a summary outlining the absolute and relative contraindications for exercise testing and training. The absolute contraindications include severe cardiac disease (e.g., unstable angina, un con trolled symptomatic heart failure) and acute noncardiac disease (e.g., infection, renal failure). Recommendations for injury prevention should be tailored to specific populations. As an example, older populations may be at risk of falls. As the older population may get injured more easily and recover more slowly, some patients will benefit from supervised exercise. Generally, warm-up and cooldown is recommended in all exercising populations.
Supervision and/or counselling seem to be beneficial [45] , as many subjects and patients show poor adherence to exercise recommendations. However, the effectiveness of counselling has not been demonstrated. 
Benefits of alpine skiingsummary of current knowledge
The physiological effects and potential health benefits of alpine skiing have only been sparsely studied. While alpine skiing as a leisure-time physical activity has become increasingly popular, most of the sports medicine literature has focused on frequency, prevention and treatment of alpine skiing injuries. To our knowl-CARDIOVASCULAR MEDICINE -KARDIOVASKULÄRE MEDIZIN -MÉDECINE CARDIOVASCULAIRE 2015;18(11):298-305 edge the potential metabolic and cardiovascular benefit s of alpine skiing in a recreational population have so far been studied in only three studies [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] .
A brief summary of these three studies are listed in tab le 1.
The first study, by Kahn et al., which aimed to investigate cardiovascular effects of alpine skiing, was a small (n = 10, 100% males, age 51.0 ± 1.3 years) uncontrolled Swiss investigation that measured the effects of 6 days of unsupervised alpine skiing. The participants were habitually sedentary. Heart rate was recorded during skiing and was 126 beats min -1 on average, which corresponds to 75% of a calculated (220-age[years]) maximal heart rate. The main finding was a significant improvement of insulin resistance and a significant increase in apolipoprotein A1 / apolipoprotein A2 (p <0.01) [59] . The authors reported no injuries or cardiovascular events.
A second study set out to investigate the effects of alpine skiing in an elderly population, the SAlzburg Skiing for Elderly Study (SASES) [58] . The aim of this study was to monitor the long-term effects of skiing on health-related parameters of older individuals. This Thus, the authors concluded that the healthier lifestyle of downhill skiers did not seem to translate into a reduced prevalence of cardiovascular risk factors. However, the prevalence of these risk factors decreased with increasing annual skiing frequency and therefore the findings indicate a significant "dose-dependent" effect of downhill skiing on self-reported cardiovascular risk factors and memory deficits. Differences observed between male and female skiers were similar to the gender differences demonstrated for the general population and may at least partly be explained by age effects in that study. The authors pointed out that it was not only downhill skiing activities which may have contributed to the demonstrated beneficial effects but rather the generally healthier life style associated with long-term regular downhill skiing. Nevertheless, the increasing yearly skiing frequency was an independent predictor for the reduced prevalence of hypercholesterolemia, diabetes type 2 and memory complaints.
In conclusion, long-term alpi n e skiing on a regular basis may contribute to healthy aging by its association with a healthier lifestyle.
Risks of alpine skiingsummary of current knowledge
In a study by Ruedl during the past decade [61] .
In the SASES study, the skiing intervention proved to be safe. There were no cardiovascular events. However, skiing days. However, this rate must be evaluated with considerable reservations and cannot easily be compared to other studies, because the skiing intervention consisted of only 627 skier days. In larger studies, consisting of 1.2 million skier days, an injury rate in recreational skiing was found to be 1.3 per 1 000 skiing days [62] . Apart from the two fractures, three other subjects terminated their participation in the study because of exacerbation of old injuries (knee pain). In retrospect, these three subjects should probably have been excluded already in the screening procedure. A detailed evaluation of the traumatic risks of alpine skiing is provided elsewhere [3] .
With respect to cardiovascular risks during alpine skiing, myocardial infarction and sudden cardiac death are addressed. To our knowledge no case of sudden cardiac death or myocardial infarction of a professional athlete in alpine skiing has been published.
Myocardial infarction
In a retrospective analysis of consecutive patients ad- 
Sudden cardiac death
It has been discussed extensively whether physical exertion is not only a means of decreasing cardio vascular risk, but rather a risk factor for sudden cardiac death itself. This is true for summer sports such as marathon running [66] but also for mountain sports. Burtscher and Ponchia [67] report an annual death rate of 0.76 per The frequencies of cardiac causes of death were particularly high in mountain sports preferred by the elderly, such as alpine skiing [68] . About 43% of alpine skiers in the Austrian Alps are older than 40 years and 15.3 to 28.0% of those had pre-existing cardiovascular diseases [69] . As a result, the risk of cardiovascular events during skiing in the mountains increases sharply with age. Male skiers older than 35 years comprised about 90% of all deaths [67] .
In a detailed analysis of sudden cardiac deaths in downhill skiing, Burtscher et al. [1] Myers et al. [73] reported 1 256 deaths of 6 213 veterans who underwent routine exercise testing during a follow-up period of 6.2 ± 3.7 years and found that exercise capacity was the strongest independent predictor of all cause-mortality in these subjects, even stronger than the well-established risk factors such as smoking, arterial hypertension, dyslipidaemia or diabetes. Given this fact, the result of significant improvement of VO2max in the skiing group of the SASES study (+2.0 ± 2.0 ml/kg/min; p = 0.005) suggests a substantial reduction in the overall cardiovascular risk. This change corresponds well with other studies in older subjects, although exer cise training other than skiing was performed (+2.0 ml/kg/min; p <0.0001 [74] or +3.0 ml/kg/min; p <0.001 [75] ).
The average body composition of elderly Caucasians is slightly different in males and females. Several longitudinal and cross-sectional studies investigated the average fat mass of certain ages and taken together these studies indicate an increase in fat mass of about 1% of the body mass per decade [76] . As fat is a highly CARDIOVASCULAR MEDICINE -KARDIOVASKULÄRE MEDIZIN -MÉDECINE CARDIOVASCULAIRE 2015;18(11):298-305 metabolic tissue also involved in the pathogenesis of athero sclerosis [77] , a reduction of fat mass, mainly visceral fat, is associated with a reduction of cardiovascular risk. In the SASES study fat mass decreased by -2.3% (p <0.0001) in skiers and remained unchanged in the control group (±0.0% [p = 0.866]; IG vs CG: p <0.0001).
As total weight and therefore body mass index (BMI) remained essentially unchanged, an increase in fatfree mass could be achieved, namely muscle mass.
Given an age-dependent decline of muscle mass and an increase of fat mass accompanied by a further increase in total weight in most of the elderly, a 2% reduction of the fat/muscle ratio is quite impressive. Other training studies report a similar effect on body composition with other interventions such as strength training or ergometer-based endurance training [78] .
It is of interest to patients who suffer from arterial hypertension, how blood pressure changes during alpine skiing. Krautgasser et al. [79] 
Conclusion
In conclusion, it is the opinion of the authors that the cardiovascular benefits far outweigh the potential cardiovascular risks in recreational alpine skiing. However, the possibility of serious adverse events is real and should be counteracted by adequate screening and, if necessary, preventive action prior to starting alpine skiing. Overall, the reported data support an important role of alpine skiing as part of a year-round exercise programme which largely contributes to a reduction in cardiovascular risk. Former or current elderly skiers may very well be encouraged to revive or to continue with their skiing practice.
